Investigation of biomimetic shear stress on cellular uptake and mechanism of polystyrene nanoparticles in various cancer cell lines.
Cancer cells in the tumor microenvironment are affected by fluid shear stress generated by blood flow in the vascular microenvironment and interstitial flows in the tumor microenvironment. Thus, we investigated how fluidic shear stress affects cellular uptake as well as the endocytosis mechanism of nanoparticles using a biomimetic microfluidic system that mimics the human dynamic environment. Positively charged amino-modified polystyrene nanoparticles (PSNs) at 100 μg/mL were delivered to cancer cells under static and biomimetic dynamic conditions (0.5 dyne/cm2). Additionally, the experiment was done in the presence of endocytosis inhibitors specific for one of the endocytosis pathways. To evaluate cellular uptake of cationic PSNs, the fluorescence intensity of cationic PSNs in cancer cells was measured by flow cytometer and fluorescence images were taken using confocal laser scanning microscopy. Cancer cells in dynamic conditions exhibited higher cellular uptake of PSNs and showed different cellular uptake mechanisms compared with those in static conditions. From these results, it suggested that biomimetic dynamic conditions stimulated specific endocytosis and prompted cellular uptake. It was also important to consider fluidic shear stress as one of the critical factors because cellular uptake and drug delivery could play a key role in cancer cells and metastasis.